ABSTRACT
INTRODUCTION
towards marine energy development and industry investment of more than €700m in the last 48 8 to 10 years has triggered significant progress [1] .
49
To become recognised as a mature generation alternative, marine energy needs to prove a 50 range of referenceable application cases in commercial project environments. Managing the 51 market entry process represents an ambitious undertaking that requires the unbiased 52 identification and stakeholder-wide application of harmonised strategic principles. To tackle 53 this problem, comprehensive expert interviews and system dynamics techniques were used 54 to identify the top-level drivers. Representative interview statements, correlating with the 55 determined strategic drivers, are put into context.
56
It was identified that, drawing on expert interviews, the two top-ranked risks for multi-megawatt 57 tidal current and wave power array projects are "achieving funding" and "device performance".
58
Both are interlinked and will be mitigated simultaneously when achieving the "array-scale 59 success". As investor confidence mainly depends on proof of continuous grid-connected 60 operation, attainment will represent a major turning point for the global marine energy 61 business and is expected to finally trigger new investment required for large-scale 62 deployment.
63
To efficiently pass the present "pre-profit" phase and to head towards commercial-scale 64 projects, coordinated interaction within and between the stakeholder groups is required. A 5 19 c€/kWh in 1992 to 6 c€/kWh in 2014 [9] . Offshore wind farms at very good locations 101 currently achieve LCOE of 11 to 19 c€/kWh [10] . Presently, the kWh-costs in marine energy 102 are far too high to compete with other renewable or even non-renewable generation options 103 [11] . Taking into consideration the projected LCOE in the UK for 2020, the cost for tidal current 104 might touch the upper end of the offshore wind range. For the forthcoming years,
105
governmental support programs will be indispensable to further drive research and 106 development [12] . In offshore wind -with a global installed capacity of 5.4 GW [13] -it is 107 expected that a further 15 years of subsidies will be required [14] .
108
Although there is the perspective for continuously decreasing LCOE for marine energy, we 109 see the need to concentrate on rapidly achieving a multi-company based market 
2.3
Protected spaces for innovation 116 Carlsson et al. [15] identified in the course of innovation studies, that market-linked 117 technological systems are not static but need to evolve continuously to be able to survive.
118
Due to regular transformations in the embedding socio-technical system, which encompasses 119 the co-evolution of technology and society, the lines of technology development need to be 120 regularly re-adjusted [16] . Alkemade et al. [17] 
MATERIALS AND METHODS

Research design
158
The research includes a combination of qualitative and quantitative methods, which divide the 159 study into three phases. In phase one, a target-oriented questionnaire was presented, which
160
formed the basis of expert interviews to obtain a broad-perspective image of the current 161 situation and plans. In phase two, the interview data were systematically processed and 162 formed the input for the configuration of representative system dynamics computer models.
In phase three, milestone events on the way towards commercialisation were determined and 164 corresponding strategic principles to achieve them identified. 
Hypothesis
191
Regular commercial marine energy projects will be realised under institutional financing and 192 according to international procurement principles. To ensure investor engagement, the 193 reliability of the technological concept has to be proven in advance.
194
The research is oriented around the hypothesis:
The unbiased processing of expert interview data by system dynamics computer 196 modelling allows the identification of stakeholder-wide applicable strategies that 197 create investor confidence and thus facilitate the marine energy market breakthrough.
198
The long-term focus is on establishing marine energy as a market competitive generation 199 alternative with commercially viable projects implemented on a regular basis. 
Questionnaire
201
For the survey, a questionnaire with a total of 90 questions was prepared, out of which 48
202
were yes/no questions and 42 were qualitative, referring to stakeholder-related experience.
203
With the aim of harmonising and uniformly directing the research, the interviewed experts, in 
Expert interviews
222
By contacting 136 representatives from 15 stakeholder groups, 71 feedbacks were received,
223
leading to 11 personal and 15 telephone interviews, as well as 20 filled-out questionnaires. 2 224 received questionnaires had to be discarded because they were significantly incomplete. As 225 a result, the knowledge of 44 managers, experts and specialists from 13 stakeholder groups
226
(see Table 1 ) was retained for the analysis, corresponding to an effective return rate of 32.4 %, which is higher than usual for studies of this nature [3] . A total number of 2,129 individual 
System dynamics computer modelling 235
The information gained by the expert interviews was compressed by the use of ordering terms 236 based on which a total of three system dynamics 2 computer models were configured. For the 237 basic model, all positive (reinforcing) and negative (countervailing) influences on the pre-238 defined target of "full commercial power generation by marine energy" were grouped and inter-239 correlated ( Fig. 1) .
240
2 As an initial step in approaching the characteristics of complex systems, in the mid-1950s, J.W. Forrester developed system dynamics as "a methodology and mathematical modelling technique for framing, understanding, and discussing complex issues and problems". To make full use of the insight gained in the course of the interviewing process, the negative 266 impact factors (generated from 1,712 replies) hindering, delaying or countervailing the 267 development of marine energy were examined in a third system dynamics model [28] . The 268 target factor was set as "negative impact on the development of marine energy".
269
Consequently, the central cluster of impact factors acting on the interim milestone "array-scale 270 success" was tested by processing the negative impacts. By taking this diametrically opposite 271 perspective, the research findings were further substantiated and balanced.
272
In Table 2 , the most relevant recommendations and support options identified for sector-273 specific orientation are given. They are based on the prioritisation calculated by the system 274 dynamics software and the compression of corresponding interview statements. 
Financing
Recognise that pilot projects with availability records provide confidence in core technology Support technologies with declared synergies towards off-shore wind Consider the likelihood of early-stage failures and the failing in unexpected parts of project Keep in mind that realism is required when it comes to the (global) scale of the industry Focus on cost of energy and not on capital expenditure Consider that the cost of energy production is dependent on the capacity deployed Evaluate the insurability of projects Recognise differences to offshore oil & gas with regard to design, manufacturing, logistics Realise the advantage of working with the already existing companies in the market Encourage contract structuring and contract standardisation as in onshore wind
The system dynamics computer models were designed and configured exclusively based on 
RESULTS
282
5.1
The game-changing "array-scale success"
283
Reliability is an important factor of success for all emerging technologies. In marine energy,
284
the reliability proof remains a major challenge, as most devices to date have been in the water 285 only for short periods of less than one year. In the course of the expert interviews, the importance of focusing on "array-scale activities" and the need to "to get pilot farms built" was 287 repeatedly stressed. Most answers to the question "In which areas are research most required 288 to accelerate the development of marine energy?" referred directly to multi-device 289 arrangements such as "array-scale design", "hydrodynamic modelling of arrays", "array-scale 290 maintenance", "the need for design tools to facilitate cost-effective array-scale development" 291 and "to see first arrays progress through FID 3 ".
292
The prevailing top-ranked risks ("achieving funding" and "device performance") are directly When being asked about the most valuable experience gained by the "early movers", a project 326 developer's head of offshore had "experienced negative impact by missing standardisation".
327
Considering the urgent need for consensus over standardisation, one interviewee referred to 328 the detected over-engineering in oil & gas standards (with regard to marine energy purposes).
329
Another interviewee summed up the situation by saying "no standards, no results". According to provide transparency to investors and to focus on "bringing some 10 MWs in the water".
355
The importance of design for installation and maintenance purposes was emphasised by the competent manufacturing firms will be required at the time of the wholesale market-rollout to 380 ensure realistic pricing and to avoid single bidder dependency.
As years will pass before full maturity is reached, the introduction of a competitive technology 431 qualification routine was proposed for early commercial projects in order to achieve the 432 required safety for investment [38, 39] . The principal idea is to complement the execution of of energy was identified to be more relevant than capital expenditure, efforts are required to identify the techno-economic optimum way for the harvesting of marine energy. With regard 447 to a mentioned need to compromise reliability and cost, the insurability of the projects must 448 be ensured. In feasibility studies, it is important to consider that the cost of energy production 449 is dependent on the capacity deployed [40] . In the course of a project planning, it is necessary 450 to foresee extreme engineering and to consider the likelihood of test or early-stage failures.
451
Pilot projects with availability records will provide confidence in the performance of the core 452 technologies. Generally, it is required to keep in mind that realism is requested when it comes 453 to the (global) scale of the industry and to recognise the differences to offshore oil & gas with 454 regard to design, manufacturing and logistics. 
CONCLUSION
470
The approach of using cross-category expert interview data to create system dynamics 471 computer models is seen as a powerful method to keep track of the sectorial development 472 and thus to advance strategy finding.
473
The two major risks for multi-megawatt projects (funding and device performance) are directly 474 interlinked and co-ordinated action is required to overcome this circular relationship ("chicken 475 or egg causality dilemma" 
